We have compared the incidence of preoperative and postoperative oxygen desaturation in 20 elderly patients undergoing dynamic hip screw insertion for fractured neck of femur, allocated randomly to two groups to receive subarachnoid anaesthesia (SA, n = 10) or a general anaesthetic (GA, n = 10). Oximetry data were recorded during the preoperative night and the first 48 hours after surgery using Satmaster. 1\1 Data associated with zero amplitude signal were automatically invalidated by the software and decreases in Sp02 which were preceded by contemporaneous changes in signal amplitude which conformed to a previously described template were assumed to be artefactual and were discarded from final data analysis. Data demonstrated a wide interpatient variability. However, those patients who desaturated preoperatively continued to do so in the postoperative period. The differences between the preoperative and postoperative oximetry profiles were examined for each patient and demonstrated a significantly longer time spent with Sp02 <90% in the GA group compared with the SA group, in all the recorded time periods, except on the day of surgery. The SA group showed an improvement in oxygen saturation postoperatively when compared to the preoperative night, spending less time with an Sp02 <85%. We conclude that the subarachnoid anaesthetic technique was associated with a lower incidence of postoperative oximetry desaturation when compared with general anaesthetic for these elderly patients undergoing repair of fractured neck of femur.
Continuous pulse oximetry data storage permits evaluation of perioperative oxygen saturation, but inferences drawn from these data can be confounded by patient movement' and peripheral vasoconstriction.' Satmasterl\l software allows practical retrospective evaluation of large volumes of oximetry data.' Decreased respiratory reserve in elderly patients may result in postoperative hypoxia which may persist for many days. 4 There is evidence that spinal anaesthesia is associated with less postoperative hypoxaemia when compared with general anaesthesia. 5 • o We recorded oximetry data in 20 elderly patients undergoing elective surgery for fractured neck of femur and compared the effect of general or spinal anaesthetic technique on the incidence of perioperative hypoxic episodes.
METHODS
We studied 20 consecutive Chinese patients (ASA Grades II-I1I) aged 66-91 years undergoing elective dynamic hip screw insertion for fractured neck of femur. The study was approved by the Faculty of Medicine Ethics Committee (The University of Hong Kong) and written, informed consent was obtained. Only patients who refused consent or were unable to cooperate were excluded from the study. Patients were allocated to two groups using a table of random numbers to receive subarachnoid anaesthesia (SA)(n = 10) or general anaesthesia (GA)(n = 10).
On the evening prior to surgery the patient was connected to a Nellcor N200 pulse oximeter via a 0-25 flexible Oxisensor'" probe attached to the great toe and continuous pulse oximetry data recorded overnight. On the day of surgery patients were premedicated with either temazepam 5-10 mg orally or pethidine 0.5-1.0 mg.kg'intramuscularly, In the GA group, anaesthesia was induced with thiopentone 2-4 mg.kg' (n = 8) or propofol 2 mg.kg' (n = 2) and muscle relaxation was achieved with atracurium 0.5 mg.kg'. Thereafter, the patient was mechanically ventilated to normocarbia, and anaesthesia was maintained with nitrous oxide 66070 in oxygen with iso-fIurane or enfIurane 0.5-1.5070. The SA group of patients all received 0.2 mg.kg) of hyperbaric bupivacaine producing adequate anaesthesia to perform surgery without drug supplementation. Postoperative oxygen therapy was discontinued on discharge from the recovery area, only being continued if the patient displayed clinical symptoms of respiratory distress. Pulse oximetry data collection resumed on return to the ward and continued until 0700 hrs on the second postoperative day. Intramuscular pethidine 1 mg.kg) or oral dextropropoxyphene napsylate 32 mg was administered for analgesia as required.
The serial communication port of the oximeter was connected to the serial port of a Toshiba T3200SX 386 laptop computer. Oxygen saturation, pulse rate and signal amplitude data was recorded 60 times per minute. The data were stored using Satmaster, a commercial software package, which allows the retrospective evaluation of desaturation episodes, signal amplitude and pulse rate together with graphical and statistical displays of their incidence and duration. Data associated with zero amplitude signal were automatically invalidated by the software and decreases in Sp02 which were preceded by contemporaneous changes in signal amplitude which conformed to a previously described template ( Figure 1 )" were assumed to be artefactual and were discarded from final data analysis.
Each patient's oximetry profile was examined by one of the authors and the oximetry data were then summarised in the following time periods: the night prior to surgery from 2300-0700 hrs; postoperatively on the day of surgery until 2300 hrs; first postoperative night from 2300-0700 hrs; the day after surgery from 0700-2300 hrs; the second night after surgery from 2300-0700 hrs.
The number of desaturation episodes, duration of each episode and the total time spent at saturations less than 95%, 90%, 85% and 80% were compiled. Overall statistical significance (P>0.05) between the two groups were determined using manova and difference between the groups during each of the time periods using the Kruskal-Wallis statistic.
RESULTS
The two patient groups did not differ in age, sex distribution, body weight, ASA status or smoking habits, and although postoperative analgesic administration was greater in the GA group, the difference was not significantly different (Table 1) . No patient in this study developed systemic hypotension requiring administration of sympathomimetic drugs nor did any patient demonstrate clinical respiratory distress postoperatively warranting oxygen administration in the general ward. Perioperative saturation data were recorded for a total of 832 hours with a mean duration of 44.3 hours per patient (range 18.4-49.7 hr). Of the total study time, 11.4% was discarded, including 5% which was retrospectively performed by the investigator who removed desaturation data which were preceded by contemporaneous changes in signal amplitude which conformed to a previously described template (Figure 1 3. the saturation signal stabilised to pre-artcfact Sp02 levels within 10 seconds of cessation of signal artefact (D). different S p 02 levels during each of the five study periods demonstrates wide interpatient variability, however those patients who desaturated preoperatively tended to do so postoperatively (Figures 2 and 3 ). There was no significant difference between patient groups when the percentage of time spent at saturations below 90070 and 85070 during the preoperative time period were compared (P=O.l for both). To determine the effect of anaesthesia and surgery upon the incidence of postoperative hypoxia, the differences between the preoperative and the postoperative oximetry profiles were analysed for each patient, during each time period (Figure 4) . The S p 02 of patients in the GA group was below 90070 for a significantly longer period of time when compared to the SA group, during all postoperative time periods except during the day immediately following the operation (P=0.04, anova on the differences between preoperative and postoperative data). However there was no significant difference between the two groups at S p 02 <85070 when data were compared (p=0.4). Postoperatively the GA group demonstrated no improvement in oxygenation from the preoperative period when comparing the percentage of time spent at saturations below 85070 and although oxygenation improved in the SA group, the reduction in the time at saturations below 85070 was not significantly different from the preoperative data. 
DISCUSSION
Debate continues as to the best choice of anaesthetic technique in elderly patients for the repair of traumatic fractured neck of femur. A recent meta-analysis failed to conclude that important differences in mortality exist between regional or general anaesthetic techniques.' The range of preoperative medical conditions found in our elderly patient population and the variety of anaesthetic agents employed for general anaesthesia contributed to the wide interpatient variation in the incidence of perioperative hypoxaemia highlighting the difficulty of comparative studies.
The usual preoperative assessment often fails to identify those patients likely to exhibit perioperative Anaesthesia and Inlensh'e lare, Vol. 22, No. 2, 11pril, 1994 hypoxaemia" but this study demonstrated that perioperative pulse oximetry monitoring provided useful information in this respect, as the patterns of desaturation were found to be similar during the postoperative period. The high incidence of poor oxygen saturations experienced by some of our elderly patients in the immediate preoperative period is in keeping with other studies which suggested that this hypoxia was due to prolonged immobilisation or possibly fat embolism. [('·11 Optimisation of respiratory function receives little attention in the absence of overt signs of compromise and it is often only after referral for surgery that advice is given concerning oxygen therapy, pain management and chest physiotherapy. Controlling for the effect of preoperative saturation data on the postoperative oximetry profiles, in the same patient, reduces the masking effect of interpatient variability on the comparison of the anaesthetic techniques. The SA group had a significantly lower incidence of postoperative desaturation (Sp02 < 90070) when compared with the GA group which was due to an overall improvement in oxygenation in the SA group and not a deterioration in the GA group saturations. The reasons for this finding are probably multifactorial and include impaired respiratory function following general anaesthesia" and improved mobility following spinal anaesthesia." Although postoperative care was the same for both patient groups, the depressant effect of general anaesthesia may have masked any postoperative improvement in respiratory function, whereas improvement in the spinal group was not so affected. The reduced analgesic requirements in the SA group may have also contributed. A significant difference was not apparent when comparing severe desaturation (Sp02 < 85%) between the two groups, presumably because severe desaturation occurs less frequently and there were less data to compare; however mild desaturation displayed a similar pattern to that described above.
Despite the obvious limitations of this study, the data seem to indicate that subarachnoid anaesthesia was associated with a lower incidence of postoperative oximetry desaturation when compared with general
